A general transformation formula is presented for interval traits in pigs, such as weaning-to-fi rstservice interval or farrowing interval. In the logarithmic transformation, only observations that are greater than the median of the trait as originally recorded are transformed. The transformation considerably reduces the skewness and kurtosis of the trait so that the distribution of transformed data approaches normality. In analysis of >12,000 records for weaning-to-fi rst-service interval and >9,000 records for farrowing interval, heritability estimates for the transformed data were greater than for the data as recorded. Therefore, selection on the transformed trait should be more effective than selection on the original trait. The transformation formula is likely to be appropriate for other livestock species and traits.
INTRODUCTION
Distributions of interval traits describing reproduction in pigs and other livestock species often exhibit a high degree of skewness. This may cause problems when integrating such traits into a selection index, because much selection theory is based on normally distributed traits. Therefore, attempts have been made to overcome the problem of skewed distributions. A partial solution would be logarithmic transformation of the original data. A more sophisticated procedure in which only a portion of the original distribution is transformed was proposed by Ten Napel et al. (1995) for the weaning-to-estrous interval in pigs. This transformation was used by Hanenberg et al. (2001) , Holm et al. (2005) , and Lundgren et al. (2010) for the weaning-to-fi rst-service interval in pigs, a trait very similar to weaning-to-estrous interval. However, a general application of the transformation formula of Ten Napel et al. (1995) to other interval traits is not possible, because the equation does not include parameters that can be adapted to different distributions.
Therefore, the objective of the present paper was to develop a more general transformation formula, which can be applied to different interval traits in pigs and probably to other livestock species, as well.
MATERIAL AND METHODS
Animal Care and Use Committee approval was not obtained for this study because the data were obtained from an existing database (Association of Pig Breeders in the Czech Republic).
Data
Data on reproductive performance were available from Czech Large White sows farrowing between 2008 and 2011. The traits interval from weaning to fi rst service and farrowing interval were considered.
For data to be retained for analysis, the following conditions had to be met; service sires were Czech Large White or Czech Landrace; gestation length was 100 to 130 d; sow age at fi rst farrowing was between 260 and 500 d; and the farrowing interval was between 120 and 350 d. Parities >11 were not considered. A fl exible allocation of records to herd-year-season classes was applied as fi rst described in Wolf et al. (2005) . Preferably, herd-year-season classes were formed according to natural seasons (spring, summer, fall, winter) and normally had a length of 3 mo. The minimum total number of records for each herd-year-season class was 20. Herd-year-season classes for the interval from weaning to fi rst service and farrowing interval were formed on the basis of the weaning date and farrowing date, respectively. Summary statistics for the fi nal data sets used in the analyses are given in Tables 1 and 2 .
Transformation Formula for Interval Traits
For comparison, we fi rst give the transformation formula of Ten Napel et al. (1995) for the interval from weaning to fi rst estrus in pigs, which may be written in the form:
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where y is the original value of the trait, z is the transformed value, and ln is the natural logarithm.
When developing a more general transformation formula, we followed the philosophy of Ten Napel et al. (1995) that only a part of data should be transformed.
We used the median y to divide the distribution into 2 parts and decided to transform only those values of y y > . Similar to Ten Napel et al. (1995), we used a logarithmic transformation. Furthermore, we wanted the distribution of the transformed variable to have a greater degree of symmetry than untransformed data. Accordingly, we required that the difference between the maximum and median of the transformed distribution be equal to the difference between the median and minimum. The resulting transformation formula is then: 
where z is the transformed and y is the original trait value; y , min y , and max y are the median, minimum, and maximum of y . The inverse transformation can be written as:
Estimation of Variance Components
Single-trait animal models were calculated for both interval traits. After preliminary tests on the statistical signifi cance of potential sources of variation, the following factors remained in the models for both traits: linear regression on lactation length and fi xed effects of herdyear-season and parity. Because of low numbers of observations in later parturitions, parity 7 to 8 were combined into a single class, as were parities 9 to 11 in each model. The random permanent environmental effect of the sow was an additional effect in the model for the weaning-tofi rst-service interval. Fixed effects of service sire breed and mating type (natural mating or AI) were additional factors in the model for farrowing interval.
Variance components were estimated using REML and optimization by a quasi Newton algorithm with analytical gradients (Neumaier and Groeneveld, 1998) , as implemented in VCE 6.0 program (Groeneveld et al., 2008) . 
RESULTS AND DISCUSSION
Transformations considerably reduced the absolute values of skewness and kurtosis (Tables 1 and 2 ). That is, the data became approximately normally distributed. This is a considerable advantage for many methods of quantitative genetic analysis where the normal distribution is often implicitly assumed. The transformed data records are ranked in the same order as the original data so that direct selection on the transformed trait is possible.
In our example data, the transformed traits had greater heritabilities than those expressed on the original scale (Table 3 ). This was confi rmed for 2 additional interval traits in pigs (not shown here). Though we are not able to provide a unique proof, we expect that this increase of heritability through transformation may be a general trend, which should be a further advantage for applying selection to transformed interval traits. Calculations with further data sets for other interval traits and species will be necessary to confi rm this expectation as well.
Several authors (Hanenberg et al., 2001; Holm et al., 2005; Lundgren et al., 2010) have applied the transformation formula of Ten Napel et al. (1995) to analysis of weaning-to-fi rst-service interval. However, that formula is specifi c for the weaning-to-estrous interval or the similar weaning-to-fi rst-service interval. Therefore, we assumed that the transformation formula presented in the current study (Eq. 2) might fi ll a certain gap and allow application of effi cient transformation methods to other interval traits in pigs and probably to interval traits in other livestock species, s well. 
